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(54) ATMOSPHERIC PLASMA SURFACE TREATING DEVICE 

(57)Abstract: 

PURPOSE: To provide a plasma surface 
treating device of a blow off-type capable of 
preventing the diffusion of the remaining part 
of the reactive gas blowing off after the end of 
a treatment and their by-products to the 
circumference or at least decreasing the amt. 
of diffusion. 

CONSTITUTION: This atm. plasma surface 
treating device is constituted by providing the 
outer periphery of a reaction vessel 1 
consisting of a dielectric having electrodes 2a, 
2b with a box body 10 forming a space to 
suck blow-off gases, further, providing the 
outer periphery thereof with an outside box 
body 1 1 forming another space on the outer 
periphery thereof and introducing an inert gas 
therein so as not to introduce the air into the 
reaction vessel. The device as another 
embodiment is constituted by providing the 
opposite side of the reaction vessel with respect to the work with a receiving boxy 
body having an opening slightly larger than a discharge port for the blow-off and 
treated gases and the inert gas from the outside box when the work is fibrous. 




[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the plasma surface 
treatment method or the producing-film method by atmospheric pressure glow 
discharge plasma about a surface treatment method or a method for forming thin film, 



and its device. 
[0002] 

[Description of the Prior Art]In order to form a carbon film, a carbon fluoride film, 
etc. in the surface of solid materials, such as metal and a ceramic material. Although 
the mixed gas of inactive gas, such as gas, such as a carbon fluoride system as 
reactant gas or a hydrocarbon system substance, rare gas, such as hehum, argon, and 
neon, or N2, was plasma-ized by the high frequency electric field within the vacuum 
chamber and coating treatment and thin film forming were performed conventionally, 
The atmospheric pressure plasma surface treatment method and thin-fihn-forming 
method which continue till recent years and need neither a vacuum generator nor a 
vacuum housing follow on being requested, development is fiirthered, and technical 
contents are indicated again. As a typical thing, Japanese Patent Application No. 63- 
166599 (JP,2-15171,A), Japanese Patent Application No. 61-193934 (JP,63-50478,A), 
and Japanese Patent Apphcation No. 63-138630 (JP,1-306569,A) are mentioned. 
Drawing 7 is an outline elevational view showing typically the system for thin film 
deposition used by these inventions. 

The A-A sectional view of drawing 7 is shown in drawing 8 . 

The structure of this device constitutes the reaction vessel 1 of quadrangle case shape 
(or barrel) made from a dielectric, To the outside surface of the side attachment walls 
la and lb (side attachment wall of the right and left in drawing 8) which counter the 
upper and lower sides or right and left. Attach the electrode 2a and 2b, respectively, 
connect with the power supply 3 of high fi-equency high tension, and from the feed 
port Ic of the reaction vessel 1, Mixed gas with the reactant gas of carbon fluoride 
systems, such as inactive gas, such as rare gas, such as helium (helium), neon (Ne), or 
argon (Ar), or N2, and CF4, or a hydrocarbon system substance. It passes like the 
arrow C, and it places so that the processed material object 5 may be located under 1 d 
of exit cones of the opposite hand of the feed port Ic and it may move in the direction 
of the arrow B. If the aforementioned mixed gas is passed and high frequency high 
tension is impressed to the electrode 2a and 2b with such a structure. Mixed gas 
plasma-izes by the glow discharge 7, it flows like the arrow D, the radical generated 
there blows off from Id of exit cones, and a thin fihn is formed in refining or the 
surface for the surface of the processed material object 5. 
[0003] 

[Problem(s) to be Solved by the LiventionJThe gas which blew off from the above- 
mentioned exit cone is diffiised in the atmosphere while it processes the surface of a 
processed material object, but by a reaction with the above-mentioned surface, the by- 
product as a solid or gas may be generated, and this diffusion gas may pollute the 
surrounding environment, and may become harmful. Then, it was requested that 
blow-off gas and a by-product (a solid and gas) were prevented firom being spread 
around, or a diffusing capacity was decreased at least. An object of this invention is to 
provide the device corresponding to these requests. 
[0004] 

[Means for Solving the Problem]This invention solved this technical problem by the 
following means, 

(1) Have an electrode and a box for forming space which attracts gas which blows off 
as emission gas after mixed gas's contacting on the surface of a processed material 
object fi-om an exit cone around a box-like reaction vessel by the product made fi*om a 
dielectric and finishing processing is provided, An outer packaging object which 
forms another space in a periphery of this box is estabUshed, and it'is made structure 
which introduces inactive gas, such as Ar and N2, fi-om that upper part, and blows off 



from a lower end towards a processed material object. When a processed material 
object is moved, a tip part which counters a processed material object of the 
aforementioned reaction vessel and a side attachment wall of a box is turned to the 
vertical medial-axis side side, and is made to incline. 

(2) When fibrous in textiles etc. in which a processed material object has breathability, 
A box which demarcates space which turns inactive gas, such as Ax and N2, to a 
processed material object, and blows off around a box-like reaction vessel made from 
a dielectric which has an electrode is provided. Structure of providing a receiving box 
object which demarcates another space for gas suction which has a little larger 
effective area product than sum total blow-off area of reacted mixed gas and inactive 
gas in a reaction vessel and an opposite hand is used to a processed material object. In 
the case of a processed material object which moves, it is made into structure 
according to (1) paragraph. 
[0005] 

[Function] Although the reactant gas which entered from the feed port is plasma-ized 
in the case of above (1), and process a processed material object, and it becomes a 
unconverted gas, subproduction gas, etc., and is dravra in in the space besides a 
reaction vessel and it is recovered by the external recovery system etc., When the 
ingredient in the atmosphere mixes in the case of this suction and it influences the 
aforementioned processing, another outer packaging object for preventing mixing is 
established, and inactive gas, such as Ar and N2, is sprayed on a processed material 
object. Even if the ingredient in the atmosphere mixes, when not influencing 
processing, an outer packaging object can be omitted. While making the atmosphere 
hard to involve in by making the tip part which coimters a box and the processed 
material object of the wall of each space incline in the case of the processed material 
object which moves, recovery of a unconverted gas and inactive gas is ensured. The 
plasma which was sprayed in the case of the above-mentioned (2) paragraph whose 
processed material object is a product made from textile materials of breathabiUty 
processes a processed material object, and the unreacted part and the subproduction 
gas of gas pass a processed material object, escape from it to an opposite hand the 
spraying side, are attracted by the receiving box inside of the body, and do not pollute 
environment. When a processed material object moves, it is the same as that of the 
case of the aforementioned (1) paragraph. 
[0006] 

[Example]Drawing of longitudinal section of the 1st example of the atmospheric 
pressure plasma surface treatment device by this invention is shown in drawing 1 (B), 
and A view figure of drawing 1 (B) is shown in drawing 2 . The same numerals are 
attached to the same member as drawing 7 and drawing 8 which were shown as 
advanced technology in these figures. The electrode 2a and 2b are attached to the 
outside surface of each side walls la and lb on either side with a top view, 
respectively with the figure of the reaction vessel 1 of the shape of square dielectric 
box manufacturing, and this electrode 2 a and 2b are connected to the power supply 3 
of high frequency and high tension. 1 f of peripheral walls before and after the box- 
hke reaction vessel 1 connects between each side walls on either side with the 
aforementioned each side walls la and lb with a figure, The wrap upper wall le is 
comprised in the upper surface of these one pairs of side attachment walls, and a 
peripheral wall, the feed port Ic of round hole-like reactant gas is estabhshed in this 
upper wall, the opening of the undersurface is carried out, it serves as 1 d of exit 
cones of gas, a predetermined distance is maintained under each side walls la and lb 
which stand straight, and the processed material object 5 is placed horizontally. The 



square box 10 is formed by the product made from a dielectric which has the side 
attachment walls lOa and 10b on the periphery of the reaction vessel 1 so that space 
Si may be formed, . Since the structure of the container itself is almost the same as 
that of the composition of the aforementioned reaction vessel, omit explanation. They 
are provided in both sides of the upper bed of the box 10 by the discharge opening 
10c and 10*c at the method of both outsides of the feed port Ic of said reaction vessel 
1, and the lower end part of the aforementioned side attachment walls 10a and 10b, 
Only the almost same height as the lower end part of the side attachment walls la and 
lb of the reaction vessel 1 is located up from the upper surface of the processed 
material object 5, and 10 d of suction openings and lO'd are formed, respectively 
between the side attachment wall la which is in the same side due to the left and the 
right in these side attachment walls, and the lower end part of lOa, lb, and lOb. The 
square outer packaging object 11 is formed in the periphery of the box 10 by the 
product made from a conductor so that outside space 82 may be formed further. They 
are provided in the right-and-left both outsides of the upper surface by the feed port 
1 Ic and 1 1'c at the method of the outside of the aforementioned discharge opening 
10c and lO'c, and, respectively the lower end part of each side walls 11a and 1 lb, 
Only the almost same height as the lower end part of the side attachment walls 10a 
and 10b is located up from the upper surface of the processed material object 5, and 
lid of discharge openings and 1 I'd are formed between the side attachment wall 10a 
and each of 1 la, 10b, and lib. Even if the open air mixes, when there is no problem 
in this processing, the outer packaging object 1 1 shown in drawing 1 (B) like drawing 
jL(A) can be omitted, and it can be considered as the short form reaction vessel 1. 
[0007] DrawinR 3 is drawing of longitudinal section showing the 2nd example for 
corresponding when the processed object 5 is moved (to left [ A figure arrow B ]). 
Although the lower end part of each side walls 31a and 31b of the outer packaging 
object 31 inclines toward the outside in the inner direction to a vertical axial surface 
toward the vertical axial surface side, the lower end part of each side walls 21a and 
21b of the reaction vessel 21, and each side walls 30a and 30b of the box 30, 
respectively. Even if the other point is completely the same as that of drawing 1 and 
the open air mixes, when there is no problem in processing, the outer packaging 
object 1 1 can be omitted according to drawing 1 (A). 

[0008]Next, an operation of the device of the above 1st and the 2nd example is 
explained. If drawing 1 and di awing 2 are referred to, the mixed gas of reactant gas, 
such as CF4 which entered from the feed port Ic of the reaction vessel 1, and dilution 
gas, such as helium. It is plasma-ized by the electrode 2a and the glow discharge 7 by 
the high frequency high tension impressed to 2b, The generated radical blows and 
comes out of Id of exit cones, and after processing and reforming the surface of the 
processed material object 5, it becomes a unconverted gas, subproduction gas, etc., 
and is collected by 10 d of suction openings, and the recovery container which goes 
into space Si from lO'd, and is not illustrated from the discharge opening 10c and lO'c. 
inactive gas, such as Ar and N2, should be introduced from the feed port 11c of the 
outer packaging object 1 1 (3 1), and 1 Tc (3 Ic, 3 1 *c), and pass 2nd space S2 - the 
processed material object 5 being sprayed and from 1 1 d of discharge openings, and 
ird (31 d, 3rd), Apart is attracted by 10 d of suction openings, and lO'd (30 d, 30'd), 
and most is breathed out to the atmosphere of the method of outside, and it intercepts 
an atmospheric invasion so that processing of the surface treatment of the above [ the 
ingredient in the atmosphere ] may not be affected. Since the lower end part of each 
side attachment wall inclines and is bent toward the vertical medial-axis side side to 



the surface of the processed material object 5, respectively when the processed 
material object 5 is moved in the direction of the arrow B as shown in drawing 3, 
recovery of raw gas is made much more reliable at the same time it acts so that 
atmospheric contamination may be prevented. 

[0009]Next, with reference to drawing 4 , drawing of longitudinal section of the 3rd 
example corresponding to the case where the processed material object is fibrous in 
breathability structure like textiles or knitting is shown, and A view figure of drawing 
4_is shown in drawing 5 . In the device of this example, the same numerals are 
attached to the same member as drawing 1 and drawing 2 , and only a different point is 
explained. Although the processed material object 25 is breathability fibrous and box 
10 the very thing is the same as the case where structures are drawing 1 and drawing 2 , 
10 f and lOTare feed ports, and 10 g and 10*g are discharge openings, and to the 
processed material object 25 in an opposite hand, the gas discharge side, the opening 
of 12 d of a little larger suction openings than the total area of the gas discharge 
opening of the reaction vessel 1 and the 1st box 10 was carried out towards the top - 
it is flat, and has the square receiving box object 12 for a section, and, as for the 
receiving box object 12, the discharge opening 12c is formed in the bottom by the 
product made from a dielectric. The box 10 can be omitted when the atmosphere does 
not affect processing. Drawing 6 shows the 4th example in case the fibrous processed 
material object 25 is moved (it is to a left hke the arrow B with a figure), The lower 
end part of each side walls 21a and 21b of the reaction vessel 21 inclines toward the 
surface of the processed material object 25 like the 2nd example, The lower end part 
of each side walls 30a and 30b of the box 30 and each side walls 32a and 32b of the 
downward receiving box object 32 can omit the box 10 like Example 3, when the 
atmosphere does not affect processing, although it inclines toward the method of 
outside, respectively. 

[0010] An operation of the 3rd above-mentioned example is explained below. Since a 
unconverted gas, subproduction gas, etc. pass through the processed material object 
25 which has breathability unlike the 1st example (refer to drawing 1 ), It draws in 
with the receiving box object 12 in the opposite hand of a processing xmit, and to the 
fibrous processed material object 25, penetration of the atmosphere to a treating part 
makes 10 g of discharge openings of the box 10, and the inactive gas fi-om lO'g blow 
off, and is prevented. While the end of each side attachment wall is bent and 
atmospheric contamination is prevented when the processed material object 25 moves 
in the direction of the arrow B as the 4th example of drawing 6 shows, it is the same 
as that of the 2nd example (refer to drawing 3) to ensure recovery of gas. 
[0011] 

[Effect of the InventionjBy establishing suction space in the circumference of the exit 
cone of plasma, in the case of the fibrous object in which a processed material object 
has breathability, by establishing the receiving box object which forms suction space 
in an exit cone and an opposite hand to a processed material object, When a processed 
material object is moved during processing. By making the end face which counters 
the processed material object of a reaction vessel, a box, an outer packaging object, 
and a receiving box object incline in the suitable direction, processed subproduction 
gas and the unconverted gas related to a reaction are emitted into the atmosphere, and 
having an adverse effect on environment, or the atmosphere flowing in a reaction 
vessel and having an adverse effect on a reaction is also prevented. 



[Claim(s)] 

[Claim 1]A box-like or tubed reaction vessel made fi:om a dielectric in which is 



provided with the following, a feed port of said mixed gas breaks in the center section 
of said upper wall, and a crevice between a lower end of said side attachment wall and 
said processed material object forms a discharge opening of processed gas, One pair 
of side attachment walls which surround this reaction vessel, are arranged further at a 
periphery, and form predetermined space between the surfaces of said two electrodes, 
It has a wrap upper wall for the upper surface of peripheral walls which connect 
between said each-side-walls order both ends, and these each side walls and 
peripheral walls, It has the discharge opening of one pair of processed gas which 
besides ended in an almost symmetrical position to a feed port of mixed gas of said 
reaction vessel on a wall, A dielectric box-manufacturing object which a lower end of said side 

attachment wall maintains a predetenmined distance to a lower end of said reaction vessel to said processed materia! object, and is 

arranged,. It ♦*♦*, proccsscd gas breathed out from a lower end of said reaction vessel flows 
through space between a side attachment wall of said box, and a side attachment wall 
of said reaction vessel up, and it is characterized by passing the aforementioned 
discharge opening and being collected. Mixed gas of gas, such as a carbon fluoride 
system as reactant gas or a hydrocarbon system substance, and inactive gas, such as 
rare gas, such as helium, argon, and neon, or N2, is introduced from a one end of one 
pair of inter-electrode openings which counter under atmospheric pressure and are 
arranged, With said mixed gas which was sprayed on said inter-electrode another side 
end on the surface of stillness or a processed material object placed movable, and was 
plasma-ized by glow discharge under high frequency and high tension. An 
atmospheric pressure plasma surface treatment device which makes refining or the 
surface carry out deposit formation of the amorphous carbon film for the surface of 
said processed material object, 

A side attachment wall which said surface treatment device maintained a 
predetermined interval, countered, and has been arranged in parallel. 
One pair of side attachment walls which each of one pair of said electrodes has been 
arranged on the outside surface, and maintained a crevice between prescribed 
distances between the surfaces of a processed material object, and have been arranged. 
A peripheral wall which connects between said each-side-walls order both ends. 
It is a wrap upper wall about the upper surface of these side attachment walls and 
peripheral walls. 

[Claim 2]Have the following and it has the feed port of one pair of inactive gas which 
broke on this upper wall in a position almost symmetrical with the outside of a 
discharge opening of one pair of processed gas of said box. To said processed 
material object, a lower end of said side attachment wall maintains a predetermined 
distance, and is arranged. Said inactive gas flows through space between an outside 
surface of each side walls of said box, and an intemal surface of an outer packaging 
object, flows into space between a side attachment wall of said box, and a side 
attachment wall of said reaction vessel, and is breathed out, and exterior air is 
prevented from flowing in said reaction vessel. An atmospheric pressure plasma 
surface treatment device which flows through inside of said box with said processed 
gas, and is characterized by passing a discharge opening of the upper part and being 
collected. 

One pair of side attachment walls which another outer packaging object made from a 
conductor is added and provided in a periphery of the; aforementioned box in the 
atmospheric pressure plasma surface treatment device according to claim 1 , and this 
outer packaging object sxirrounds said box, are arranged further at a periphery, and 
form predetermined space between outside surfaces of both side surfaces of said box. 



A peripheral wall which connects between front-and-back-ends parts of these each 
side walls. 

It is a wrap upper wall about the upper surface of these each side walls and peripheral 
walls. 

[Claim 3]In the atmospheric pressure plasma surface treatment device according to 
claim 1 or 2, it is moved in the direction which goes to an electrode of another side 
from one electrode in said one pair of electrodes, and the; aforementioned processed 
material object is processed, An atmospheric pressure plasma surface treatment 
device characterized by a thing of said reaction vessel and a box which a lower end of 
one pair of side attachment walls inclines in turning inward toward a vertical medial- 
axis side of one pair of said electrodes, respectively, and a lower end of one pair of 
side attachment walls of said outer packaging object inclines in extroversion to said 
vertical medial-axis side. 

[Claim 4]Gas characterized by comprising the following which counters under 
atmospheric pressure and is arranged, such as a one end of one pair of inter-electrode 
openings to a carbon fluoride system as reactant gas or a hydrocarbon system 
substance, Mixed gas with inactive gas, such as rare gas, such as helium, argon, and 
neon, or N2, is introduced, With said mixed gas which was sprayed on the surface of a 
processed material object which stands it still at said inter-electrode another side end, 
or is placed movable, and was plasma-ized by glow discharge under high frequency 
and high tension. An atmospheric pressure plasma surface treatment device which 
makes refining or the surface carry out deposit formation of the amorphous carbon 
film for the surface of said processed material object. 

Said processed material object is a product made from breathability textile materials 
which can pass, and said mixed gas, such as textiles and knitting, said surface 
treatment device. One pair of side attachment walls which a predetermined interval is 
maintained, and it counters, and is arranged in parallel, and each of one pair of said 
electrodes is arranged on the outside surface, and maintain a crevice between 
prescribed distances between the upper parts of a processed material object, and are 
arranged. 

A peripheral wall which connects between front-and-back-ends parts of said each side 

walls. 

A box-like or tubed reaction vessel made from a dielectric which it has a wrap upper 
wall, and a feed port of said mixed gas breaks the upper surface of these each side 
walls and peripheral walls in the center section of said upper wall, and forms a 
discharge opening of processed gas in a lower end of said side attachment wall. 
One pair of side attachment walls which form a discharge opening of one pair of 
inactive gas between lower ends of each side attachment wall of said reaction vessel 
while surrounding this reaction vessel, being arranged further at a periphery and 
fonning predetermined space between the surfaces of said two electrodes, A dielectric 
box-manufacturing object which has a wrap upper wall and in which a feed port of 
one pair of inactive gas broke the upper surface of a peripheral wall which connects 
between said each-side- walls order both ends, and said each side walls and a 
peripheral wall in an almost symmetrical position to a feed port of mixed gas of said 
reaction vessel on this upper wall, the opening of a little larger suction opening than 
the total area of a gas exit cone of a reaction vessel and a box is carried out to an 
opposite hand of said reaction vessel and a box towards a top to said processed 
material object — a section - a quadrangle - flat - a pars basilaris ossis occipitahs - 
a discharge opening. 



[Claim 5]In the atmospheric pressure plasma surface treatment device according to 
claim 4, it is moved in the direction which goes to an electrode of another side from 
one electrode in said one pair of electrodes, and said processed material object is 
processed, A lower end of a side attachment wall of said reaction vessel inclines in 
turning inward toward a vertical medial-axis side of one pair of said electrodes, An 
atmospheric pressure plasma surface treatment device, wherein a lower end of one 
pair of side attachment walls of said box inclines in extroversion to said vertical 
medial-axis side and a side attachment wall of said receiving box object inclines for 
tops more widely than a lower end of one pair of side attachment walls of said box. 
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